Aims. We aim at determining the rotational periods and the starspot properties in very young low-mass stars belonging to the Ori OB1c star forming region, contributing to the study of the angular momentum and magnetic activity evolution in these objects. Methods. We performed an intensive photometric monitoring of the PMS stars falling in a field of about 10 ′ × 10 ′ in the vicinity of the Orion Nebula Cluster (ONC), also containing the BD eclipsing system 2MASS J05352184-0546085. Photometric data were collected between November 2006 and January 2007 with the REM telescope in the V RIJHK ′ bands. The largest number of observations is in the I band (about 2700 images) and in J and H bands (about 500 images in each filter). From the observed rotational modulation, induced by the presence of surface inhomogeneities, we derived the rotation periods. The long time-baseline (nearly three months) allowed us to detect rotation periods, also for the slowest rotators, with sufficient accuracy (∆P/P < 2%). The analysis of the spectral energy distributions and, for some stars, of high-resolution spectra provided us with the main stellar parameters (mass, luminosity, effective temperature, mass, age, and v sin i) which are essential for the discussion of our results. Moreover, the simultaneous observations in six bands, spanning from optical to near-infrared wavelengths, enabled us to derive the starspot properties for these very young low-mass stars. Results. In total, we were able to determine the rotation periods for 29 stars, spanning from about 0.6 to 20 days. Thanks to the relatively long time-baseline of our photometry, we derived periods for 16 stars and improved previous determinations for the other 13. We also report the serendipitous detection of two strong flares in two of these objects. In most cases, the light-curve amplitudes decrease progressively from the R to H band as expected for cool starspots, while in a few cases, they can only be modelled by the presence of hot spots, presumably ascribable to magnetospheric accretion. The application of our own spot model to the simultaneous light curves in different bands allowed us to deduce the spot parameters and particularly to disentangle the spot temperature and size effects on the observed light curves. Tables 6 and 7 and the light curves of the variable stars are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
Introduction
The study of the evolution of angular momentum of lowmass stars in the pre-main sequence (PMS) phase has gained great advantage from high-precision photometry of star forming regions (SFR). While during the main sequence (MS) evolutionary phase the total angular momentum of a solar-mass star is lost efficiently via the magnetic-wind breaking process (e.g., Chaboyer et al. 1995) , in the PMS phase the presence of a circumstellar disc coupled to the star through magnetic fields permits a more efficient angular momentum transfer, thus preventing the spin-up driven by the rapid mass-accretion and contraction of the star (Shu et al. 1994 ).
An accurate knowledge of the rotation period distribution of the solar and low-mass stars in different SFR environments is of paramount importance for understanding how the disc-locking mechanism is effective in modifying the angular momentum in the PMS stage, and for testing the reliability of the theoretical models of PMS star interiors and their evolutionary tracks.
Measurements of periodic light-variations with typical amplitudes in the range 0.05-0.40 mag in the V and R bands, due to uneven starspot distributions on the stellar photospheres, are a direct way to obtain this physical parameter. There has been a rapid increase in the number of PMS objects with measured rotation periods over the last decade (see, e.g., Mathieu 2004; Herbst et al. 2007; Irwin & Bouvier 2009 , and references therein). A broad, bimodal distribution exists at the earliest observable phases (about 1 Myr) for stars more massive than 0.4 M ⊙ . The fast rotators (50-60% of the sample) evolve to the ZAMS with little or no angular momentum loss. The slow rotators continue to lose substantial amounts of angular momentum for up to 5 Myr, creating the even broader bimodal distribution characteristic of 30-120 Myr old clusters. Accretion disc signatures, such as Hα emission and infrared (IR) excess, are observed more frequently among slowly rotating PMS stars, suggesting a connection between accretion and rotation (Rebull et al. 2006 ). According to the present picture, discs appear to influence rotation only for a small percentage of the solar-type stars and only during the first 5 Myr of their life. This time interval is comparable to the maximum life-time of accretion discs derived from NIR studies and may be a useful upper limit to the time available for forming giant planets. For the sparse population of young stars (mainly weak-T Tauri stars, wTTS, with ages between 5 and 30 Myr) in the Orion complex, Marilli et al. (2007) found no evidence of bimodality for masses higher than 0.7 M ⊙ , and a median rotation period of ∼ 1.5 days, suggesting that the spin-up process at this stage has become dominant over the disc-locking effect. It is then mandatory to explore the rotational properties of as many clusters/associations as possible with ages less than 5 Myr. Indeed, in this age range, the different scenarios for angular momentum evolution proposed by Lamm et al. (2005) and related to different time-scales of disc-locking and stellar contraction (Hartmann 2002) are expected to produce their stronger effects.
There is growing evidence that the same mechanisms operating in solar-mass stars also regulate the rotation of very-low mass (VLM) stars and brown dwarfs (BDs). Indeed, very recently many BDs showing accretion discs with physical properties similar to their analogs around higher-mass stars have been discovered (e.g., Luhman et al. 2005; Alcalá et al. 2006; Muzerolle et al. 2006; Merín et al. 2007 , and reference therein). However, it seems that both disc interactions and stellar winds are less efficient in braking these objects, although the statistics available for this VLM regime is rather poor.
In some cases, both VLM and BD objects in star forming regions exhibit photometric light curves with high amplitudes and irregular modulations (Scholz & Eislöffel 2004 , 2005 that are usually explained by hot spots caused by mass-accretion flow from the disc (Herbst 1994) . The same authors remark that wTTS and some classical T Tau stars (cTTS) display instead more regular light curves with smaller amplitudes ascribable to cool photospheric spots that can survive for several stellar rotations.
In this paper, we report the results of an intensive photometric monitoring, in near-infrared (NIR) and optical bands, of a sample of young low-mass stellar and substellar objects (YSOs) in a small area flanking the Orion Nebula Cluster (ONC). The main goal of our observations was the study of the NIR light curve of 2MASS J05352184-0546085, an eclipsing system composed of two BD components recently discovered by Stassun et al. (2006) . The long-lasting and intensive simultaneous optical and NIR monitoring also allowed us to study the photometric variability of many YSOs in the field of view around the eclipsing BD. Therefore, in this study we report the characterization of these objects and determine their rotational periods, as well as the properties of their starspots. The present work thus contributes to the study of the early phases of angular momentum evolution and of the behaviour of magnetic activity in young, VLM objects which still needs observational and interpretation efforts.
We derived the rotation periods of our targets by means of time-series analysis of our large photometric data-set gathered in the V RIJHK ′ bands. The physical characterization (radius, luminosity, effective temperature, mass, and age) of the objects, which is essential for any discussion on angular momentum evolution and stellar activity, is based on our photometric data as well as on literature mid-IR data from the Spitzer space telescope (Rebull et al. 2006 ) through an analysis of their spectral energy distribution (SED). For some objects, accurate physical parameters and the projected rotational velocity, v sin i, were determined by means of high-resolution spectra.
The use of simultaneous multi-band light curves allows an accurate analysis of the spot properties because the different amplitude of the light curves constrains the spot temperatures and filling factors.
Observations and data reduction
The observations were performed with REM (Rapid Eye Mount), a 60-cm robotic telescope located at the ESO-La Silla Observatory (Chile), on 66 nights from November 2nd, 2006 to January 20th, 2007 . By means of a dichroic, REM feeds simultaneously two cameras at the two Nasmyth focal stations, one for the NIR (REMIR) and one for the optical (ROSS). The cameras have nearly the same field of view of about 10 ′ × 10 ′ and use wideband filters (z ′ , J, H, and K ′ for REMIR and V , R, and I for ROSS). The main scientific aim of REM is the study of the early phases of after-glow of gamma-ray bursts detected by space-borne high-energy alert systems. Even if the schedule of REM is optimized to collect as many triggers as possible from active space-borne observatories, a considerable amount of time can be spent on additional science.
We selected a 10 ′ field flanking the ONC that included the eclipsing BD binary 2MASS J05352184-0546085 (Stassun et al. 2006) . To this purpose, we observed mainly in the I-band with ROSS and in JHK ′ with REMIR. In total, we collected 184, 175, 2769, 514, 461, and 250 usable images in V , R, I, J, H, and K ′ bands, respectively. Exposure times were typically of 60-120 seconds in the optical bands and of 30-60 seconds in JHK ′ . Longer exposure times were not adopted in order to avoid image blurring by the guiding/de-rotating system.
Full phase coverage of the primary eclipse was not achieved during the observing season due to bad weather and technical problems. Also, the telescope size and relatively short exposure times were not sufficient to obtain high quality light curves of 2MASS J05352184-0546085 worthy of being analyzed (see Fig. 1 ). During the final redaction of the present manuscript, we saw the very recent paper of Gómez Maqueo Chew et al. (2009) where complete and more accurate JHK light curves of 2MASS J05352184-0546085, are presented and analyzed.
However, the long-lasting and intensive simultaneous optical and NIR monitoring allowed us to detect and study the photometric variability of several objects in this 10 ′ field of view. In particular, we measured the magnitudes for 97 stars brighter than, or comparable to, 2MASS J05352184-0546085 in JHK ′ . For 58 of these stars, we were also able to measure RI (and for 47 of them also V ) magnitudes. Some stars were too faint to be detected in the optical bands, or situated near the edges of the REMIR field of view and outside of the optical frames. Therefore, due to slight random shifts in the field centering from one pointing to another, the closer to the border, the poorer was the data sampling for these stars. Very close pairs (separation ≤ 7 ′′ ) are not considered in the following analysis.
The field of view, as observed in the H filter, together with the identification code given by us to the above mentioned stars, is displayed in Fig. 2 .
The pre-reduction of the REMIR images is automatically done by the AQuA pipeline (Testa et al. 2004 ) and the co-added and sky-subtracted frames, resulting from five individual ditherings, are made available to the observer.
For the ROSS camera, the data reduction was more complex. Indeed, the field of view is vignetted and the non-uniform illumination of the CCD changes with the derotator position. Since twilight flat-fields were not available, we built up master-flats at the four different de- Fig. 1 . REM light curves of the eclipsing binary 2MASS J05352184-0546085 composed of two BDs, in the I, J, and H bands. Photometric points are phased according to the ephemeris of Stassun et al. (2006) . The average error bar for each band is also shown. The phases of the primary and secondary minimum are marked, in the lower box, by vertical continuous and dashed lines, respectively. rotator orientations by using scientific images of our field and several standard-star fields separately for the V , R, and I filters. Each scientific image, after subtraction of the dark-frame, was divided by the proper master-flat, depending on the filter and de-rotator orientation. We verified that the scatter in the data is strongly reduced this way.
Differential photometry
Aperture photometry for all the selected stars was performed with DAOPHOT by using the IDL 1 routine Aper. The photometric errors due to the photon statistics in the NIR bands are of about 0.04-0.06 mag for the faintest stars (H ≃ 14 mag), while they are as low as 0.001 mag for the brightest stars (H ≃ 9 mag) in the field. In the I band, a faint star (I ≃ 17 mag) has a photometric error of about 0.10 mag, while for a bright one (I ≃ 12 mag) the photon statistics gives rise to a 0.001-mag error.
We calculated the differential magnitude of each target with respect to an artificial comparison star built-up using all the non-variable stars present in the field. We used the approach of Broeg et al. (2005) , which consists in comparing each star with an artificial comparison composed by all the other stars in the field. An iterative process al- lowed us to identify the variable objects and separate them from those that are best suited to construct the artificial comparison, by weighting them down according to their variability. This method has also the advantage of providing reliable error bars. The final errors derived with this algorithm turn out to be of about 0.10 mag for a star with I ≃ 17 mag, while for the brightest stars in I-band we obtain an error of ≃ 0.02 mag. In the NIR bands, we have a typical error of ∼ 0.09 mag for a star with H = 14 mag, while an error of about 0.02 mag is found for the brightest stars. The photometric accuracy achieved is mainly limited by the quality of the flat-field correction, due to the complexity of the instrument.
Standard photometry
In order to transform the V, R and I instrumental magnitudes to the standard Johnson-Cousins system, some stars in the Landolt standard fields SA 98, SA 94, and SA 96 (Landolt 1992) , observed by REM during the season of our observations, were used. The standard V , R, and I magnitudes were determined using the transformation equations: 
where v, r, and i are the instrumental magnitudes, κ the coefficients of atmospheric extinction, AM the airmass, and c V and ZP V , c R and ZP R , and c I and ZP I the color terms and zero-points for the V , R, and I bands, respectively.
We determined the atmospheric extinction coefficients using the non-variable stars in our Orion field observed, during some nights, across a suitable airmass range. Their values, listed in Table 1 , are however not very different from the mean extinction coefficients for La Silla.
The standard magnitudes from Stetson (2000) were used to determine the zero-points and color terms for the SA 98 area (Table 1) . Forty-five sufficiently bright stars with standard magnitudes in the Stetson (2000) catalogue fall within the REM 10 ′ ×10 ′ field centered around the star SA 98-978. Unfortunately, this standard field was observed six hours later than the Orion field on December 23, 2006. The zero-points determined on January 17th and 18th, 2007 by means of the stars SA 94-242 and SA 96-36 are also listed in Table 1 . We adopted these zero-points for the standardization of the magnitudes on January 17 and 18, 2007. Indeed, these standard stars were observed within 30 minutes from the Orion field. The standard magnitudes evaluated in these two dates allowed us to transform the differential light curves into standard ones.
The conversion of the instrumental magnitudes j, h, and k ′ to the standard JHK ′ was performed by defining, for each frame, a zero-point by means of all the nonvariable stars in the Orion field, whose magnitudes were taken from the 2MASS catalogue (Cutri et al. 2003) . Since these stars were observed simultaneously with the variable ones, no correction for the airmass was needed.
The standard V RIJHK ′ average magnitudes derived by us are listed in Table 6 together with the IRAC Spitzer magnitudes in mid-IR bands (3.6, 4.5, 5.8, 8 µm) reported for a few of them by Rebull et al. (2006) .
A very interesting outcome of the intensive monitoring in the I band was the detection of a strong flare of the star #19 (2MASS J05352973-0548450 = V498 Ori) occurred on December 7th 2006, reaching the peak intensity (∆I ≈ 0.3 mag) at about 04:41 UT, with a to-tal duration of nearly 2 hours (Fig. 3) . Unfortunately, we lack simultaneous V and R data. Notwithstanding the smaller time resolution, a small flux intensification (∆J ≈ 0.1 mag) seems to be present in the J-band as well, while no clear enhancement emerges in the H-band. The data points corresponding to this flare event were excluded from the following time-series analysis. Another strong flare (∆I ≈ 0.8 mag) was observed on star #11 (2MASS J05352550-0545448 = NR Ori) on December 10th 2006 at ≈ 01:30 UT and lasted for about 2 hours (Fig. 21) 2 . In this case, no significant enhancement emerges in the simultaneous J light curve. 
Complementary spectroscopic data
Spectroscopic observations of some of the stars observed with REM were carried out using the Hectochelle multiobject spectrograph (Szentgyorgyi 1998) at the 6.5-m MMT telescope in Arizona. These data were used by Fűrész et al. (2008) and Tobin et al. (2009) to study the kinematics of the Orion nebula clusters.
The resolution was R ≃ 34 000 and the spectra observed in 2004 (Fűrész et al. 2008 ) are centered at Hα and span 190Å, while those acquired in 2006 and 2007 (Tobin et al. 2009 ) cover the spectral range λ5150-5300Å, which includes the Mg i b triplet. The reader is 2 Available in electronic form only. referred to the aforementioned papers for further details about observations and data reduction.
Time-series analysis and rotation periods
We derived the periods of the light variations by applying to the best light curves (typically R, I, J, and H bands) a periodogram analysis (Scargle 1982 ) and the CLEAN deconvolution algorithm (Roberts et al. 1987) , which allowed us to reject aliases generated by the spectral window of the data. We also evaluated the period uncertainty following the prescriptions of Horne & Baliunas (1986) . The frequency uncertainty can be written as
where σ 2 N is the data variance, T the total time-span of the data, A the amplitude of the signal, and N 0 the number of independent points. We considered two data points independent (uncorrelated) if those were spaced in time by more than 0.05 in period units. Another estimate of the frequency uncertainty is provided by the full width at half maximum (FWHM) of the periodogram peak. In this case, the values are typically 10-20 times larger than those calculated through Eq. 4 and reported in Table 2 . However, even adopting uncertainties based on the FWHM of the peak, our results do not change.
The period of variation was taken as the reciprocal of the frequency of the highest peak in the cleaned power spectrum. Usually, the most accurate periods were found for the I light curves, mainly because of the very large number of data-points and relatively large amplitudes. For some of the reddest objects we found instead better period determinations (smaller errors) in the J or H filters. The variation periods are listed in Table 2 together with the bands in which they have been detected (ordered according to increasing period errors). The light-curve amplitudes in the V RIJHK ′ bands and previous period determinations from the literature (Stassun et al. 1999; Carpenter et al. 2001; Rebull 2001; Rebull et al. 2006 ) are also reported in this table.
In total, we determined the rotation periods for 29 stars. Thirteen of these had periods previously detected, while for all the others the period is derived here for the first time. In fact, observations in different observing seasons may be necessary to detect as many rotation periods as possible, as shown, e.g., by Parihar Padmakar et al. (2009) for some ONC stars. Indeed, depending on the spottedness level and the spot distribution over the photosphere, the amplitude of the light variation may sometimes be too small for detecting a periodic modulation.
On the other hand, we could not detect any reasonable periodicity in our data of 7 stars (also included in Table 2 ) for which the aforementioned authors did. However, we note that, except for star #5, all of them lie near the edges or out of the field, and/or close to bad columns of the ROSS and REMIR detectors (cf. Fig. 2 ) and, consequently, we have for them a lower number of useful data Stassun et al. (1999) . b Rotational periods derived by Rebull (2001) or Rebull et al. (2006) . points. Two of them (#59 and #61) display large nonperiodic variations, as discussed later in this section, while, for the remaining five, no significant variation has been detected.
False-alarm probabilities (FAP) for the peaks in the periodograms were also computed according to the definitions given by Scargle (1982) and by Horne & Baliunas (1986) . As stressed by Horne & Baliunas (1986) , the FAP depends on the data sampling and can be lowered by a large number of data points taken so close in time that they do not really represent independent measurements and tend to inflate the power artificially. Therefore, we adopted the number of independent points N 0 , evaluated as described above, for the FAP computation.
With the exception of only three stars (i.e., #15, #66 and #93), the periods are detected with a FAP≤ 5%, i.e. with a high confidence level (1-FAP≥ 95%). The periods of the three stars with a high FAP are considered only as possible detections and are marked with a colon in Table 2 . In order to check the reliability of these FAPs, we run 1000 Monte Carlo simulations of photometric sequences with only noise and with the same time sampling of I data and measured the power of the highest peak in the periodogram of each sequence. Comparing periodogram peak heights of the real data with the cumulative distribution of the peak heights in the simulated data, we found that all stars with very low FAPs in Table 2 have indeed a FAP<0.001.
The LC collection is displayed in Fig. 4 , where the source identifiers and the photometric periods are indicated 3 . A very peculiar light curve, which shows two diagonal strips resembling eclipse egresses around phase 0.2 and 0.4, is displayed by star #48 (2MASS J05353047-0549037). At the beginning we thought that this star could be an eclipsing binary. However, we could not find any period suitable to fold these steep variations into a phased eclipsing binary light curve. We have no clear explanation for such a behaviour and we can only speculate that these features might be produced by distinct objects/dust-clumps (protoplanetary condensations?) transiting over the apparent stellar disc. More repeated observations are needed to settle this point.
In order to pick up all the variable stars in our field, we applied a χ 2 test on the I-band photometric sequences. We found only five bona-fide variables (with a reduced chisquare χ 2 ν > 3) showing non-periodic variations as large as 0.6 magnitudes (#21, #25, #28, #59, and #61). Their R, I, and J light curves are displayed as a function of the heliocentric Julian day in Fig. 22 4 . We note that, with the exception of star #25, all the others were already classified as variable stars.
Spectral Energy Distributions and stellar parameters
The standard V RIJHK ′ photometry (Table 6 ) allowed us to derive the spectral energy distribution (SED), from the optical to NIR, for a sub-sample of 66 sources. For 58 of these we used our own ROSS and REMIR photometry, while for 8 objects we appended V and/or I magnitudes retrieved from the literature (Rebull et al. 2000; Rebull 2001; DENIS 2005; Lasker et al. 2008 ) to our own JHK ′ data. For 14 objects we made also use of the Spitzer IRAC magnitudes from Rebull et al. (2006) , extending the SED to the mid-IR. We then adopted the grid of NextGen lowresolution synthetic spectra, with log g = 3.5 and solar metallicity by Hauschildt et al. (1999) , to perform a threeparameter fit to the SEDs. The stellar radius (R * ), effective temperature (T eff ), and interstellar extinction (A V ) are free parameters of the fit. The Cardelli et al. (1989) extinction law with R V = 3.1 was used. To convert the apparent magnitudes into absolute ones, we assumed the ONC distance d = 414 ± 7 pc (Menten et al. 2007 ). The best solution was found by minimizing the χ 2 of the fit, which was performed only when V RIJHK ′ data were available. Figure ments available. The stellar luminosity was then obtained by integrating the best-fit model spectrum.
For the 15 stars with Hectochelle spectra and for star #93 ), we performed the SED fit by fixing the effective temperature to the value derived from the corresponding high-resolution spectrum (see Sect. 5). These values are reported in Table 4 , while in Table 3 the Id and T eff values for these stars are listed in italic characters. By comparing these values with those coming from the SED fits, i.e. assuming T eff as a free parameter, they result to be in agreement within 200 K, which is the typical uncertainty on T eff when derived from SED fits (Gandolfi et al. 2008) . However, the fits may underestimate T eff by several hundred degrees in the case of high extinction and/or strong NIR excess. To investigate this, we use the NIR color-color diagram shown in Fig. 6 , where the stars with the parameters derived from the SED analysis are represented by circles, while those ones with only JHK ′ photometry are indicated by crosses. Although none of the sources fall in the region typical of very strong NIR excess, most objects appear moderately reddened (A V < 1 mag); however, 17 objects among those with SED available (labelled with their Id in Fig. 6 ) have probably a higher extinction. In particular, two of the brightest variable stars (#21 and #28) as well as star #70 seem to have a higher reddening. In fact, the SED analysis, without the constraint on T eff provided by the spectra, led to underestimate the temperature of these objects by about 600 K. For the other stars lying in the locus of high extinction we Table 6 . Star symbols have been used for the objects with T eff derived from spectra, while the other objects are represented with circles. Black symbols refer to stars with period determination. Objects falling in a position not consistent with the Orion cloud (open symbols) are also labelled with their Id number. The two asterisks mark the positions of the individual components of the BD eclipsing binary according to Stassun et al. (2006) . The evolutionary PMS tracks and isochrones by Baraffe et al. (1998) and Chabrier et al. (2000) are also displayed in the figure by continuous and dotted lines, respectively.
do not have Hectochelle spectra, thus the parameters derived from the SED analysis should be regarded as crude estimates, particularly for objects with incomplete SEDs (e.g, #33, #40, #66, and #69). Remaining undetected in the ROSS bands, #40 is definitely the reddest object in the diagram. Unfortunately, only its I magnitude is found in the GSC 2.3 catalogue (Lasker et al. 2008) , preventing an accurate SED fit. A tentative fit yields a temperature of the order of 2000 K, which is highly unreliable.
The results of the SED fits are in general agreement with our findings from the color-color diagram. In particular, ten of the seventeen objects falling in the region of higher extinction of the ( (Fig. 6 ) turned out to have A V > 1 mag, while other four (#11, #59, #61, and #93) mainly owe their position in the color-color diagram to a significant infrared excess (see Fig. 5 ). Notably, all of these stars are variable, either periodic (#11 and #93) or erratic (#59 and #61).
With the exception of seventeen objects, the A V values derived from the SEDs (Table 3) are less than 1 mag, as expected for objects at the ONC distance that are not embedded in the nebula. Extinction values of ≈ 1 mag and ranging from about 0.5 to 2 mag were found by Greve et al. (1994) from measurements of emission line ratios in the Orion Nebula. Thus, the 17 stars with higher values of A V are presumably mainly objects embedded into the nebula or background stars, as #4 and #13. The latter are both classified spectroscopically as non-members. The high extinction values found by us Table 2 and the 2MASS identifier are also indicated in each box.
(A V ≃ 2.6 mag) are in agreement with background objects observed behind the Orion cloud. The SED analysis without a temperature constraint tends to underestimate A V yielding a best-fit with a cooler (∼ 1000 K) template.
All in all, we estimate that the typical errors on effective temperature and luminosity are ≈250 K and 15%, respectively. The accuracy of the radii determinations mainly depends on the uncertainties on the distance and T eff that give rise to errors on the radii of the order of 10%. The A V error is always smaller than 0.5 mag except for the four values marked with a colon in Table 3 for which it is as high as ∼ 1 mag.
We placed all the objects on the Hertzsprung-Russel (HR) diagram (Fig. 7) and estimated their masses and ages by comparison with the set of theoretical PMS tracks and isochrones by Baraffe et al. (1998) and Chabrier et al. (2000) . An age spread is apparently observed which is significantly larger than that ascribable to the errors on luminosity and T eff . We find that our sample contains both very young objects (age ∼ 0.5-5 Myr), whose age is quite consistent with the ONC, and older stars with ages up to 30 Myr.
We assigned to each star a "photometric membership" to the Orion cloud according to the position on the HR diagram. We considered as likely members of the Orion cloud (denoted with a "Y" in Table 3 ) all the objects with an age ≤ 10 Myr, possible members ("P" in Table 3 ) those with 10 Myr < age ≤ 30 Myr or lying above the 1 Myr isochrone (possible foreground stars), and non-members ("N" in Table 3 ) the ones with age > 30 Myr or falling below the zero-age main-sequence (likely background stars). The latter are plotted with open circles in Fig. 7 , while the members and possible members are represented by grey or black-filled circles. The black-filled circles indicate members and possible members with known period, either from this work or from the literature. The non-members and some particular objects, like those falling above the 1 Myr isochrone, are also labelled with their Id in Fig. 7 . We note that all the stars with determined period appear consistent with the distance of the Orion SFR, implying that variability is a powerful tool to pick up young stars in associations, as stressed, e.g., by Briceño et al. (2005) .
In Table 3 , we also report the spectroscopic membership for the objects studied by Fűrész et al. (2008) , that rests upon the radial velocity and/or Hα emission, and the astrometric membership based on proper motions (Dias et al. 2006) .
The two BD components of the eclipsing binary 2MASS J05352184-0546085 (star #1) are also displayed in the HR diagram with asterisks. We adopted the effective temperatures and radii reported by Stassun et al. (2006) . Their position is fairly well consistent with that derived by us from the SED analysis, accounting for binarity. We note that another two objects, namely star #22 and #58, could be young BDs according to their location in the HR diagram. For these objects no periodicity was detected, while star #40, the coolest one, exhibits a nice modulation with a period of 5.3 days in both the J and H bands.
Projected rotation velocity and spectral classification
For the determination of the projected rotational velocity (v sin i) and the spectral type, we analyzed the high-resolution spectra obtained in 2004 and 2005 by Fűrész et al. (2008) for some of the stars in our field with the Hectochelle multi-object spectrograph at the MMT telescope. These spectra, with a resolution of R ≃ 34 000, are centered at Hα and span 190Å. In addition, for nine stars we also used Hectochelle spectra obtained in 2006 and 2007 in the spectral range λ5150-5300Å, which includes the Mg i b triplet. We used ROTFIT, a code written by one of us (Frasca et al. 2003 in IDL to find simultaneously the spectral type and v sin i of the target by searching for the spectrum, among a library of standard star spectra, that best matches (minimum of the residuals) the target one. Rotational broadening of the template spectrum is part of the fitting procedure, and a small amount of veiling is also allowed.
As a standard star library, we used a sample of 101 stars whose atmospheric parameters (T eff , log g, and [Fe/H]) are known (Prugniel & Soubiran 2001; Cayrel de Strobel et al. 2001) and are rather welldistributed in effective temperature and gravity (see Table 7 5 ). The standard star spectra were retrieved from the Elodie Archive (Moultaka et al. 2004 ) and have a spectral resolution R ≃ 42 000 that is close to that of Hectochelle. However, the resolution of Elodie spectra was degraded to that of Hectochelle by convolving them with a Gaussian kernel of the proper width.
5 Available in electronic form only.
We excluded the Hα and the two [N ii] nebular lines at λ6548 and 6583Å from the spectral region to be fitted.
For the stars with very low signal-to-noise ratio (S/N) at the continuum, we obtained unreliable values for the v sin i and spectral type. These values were not considered and only the parameters derived from the SED were used for these objects.
The v sin i values found by ROTFIT for the spectra with a sufficient signal (S/N ≥ 30) are nearly independent on the standard star giving the best fit, while the veiling has the effect of slightly reducing the v sin i whenever it exceeds ≈30%. The v sin i and veiling values which minimize the residuals were adopted.
The values of v sin i and T eff , reported in Table 4 for the 15 stars with sufficiently exposed spectra, are the weighted averages of the five best templates. The usual weights, w i = 1/σ 2 i , where σ i are the r.m.s. of each fit, were adopted. The standard errors on v sin i and T eff are also given in Table 4 . In the same table, the spectral types derived by us with ROTFIT and from previous works mainly based on low-resolution spectra are also listed. Some examples of the results of the fitting are shown in Fig. 8 . The observed spectra with the fitted templates are displayed in Fig. 23 and Fig. 24 6 for the Hα and the Mg i b spectral regions, respectively.
From the values of v sin i, radius (R), and rotation period, P , reported in Table 4 , the inclination of the rotation axis can be estimated as
This parameter is useful for the application of a spot model to the light curves, which is presented in Sect. 6.
Spot modelling
The availability of simultaneous light curves from the optical to the NIR allows us to reconstruct roughly the starspot distribution and determine two basic spot parameters, i.e. temperature and dimension. Moreover, hot and cool spots produce a different effect on the RIJH light curves, so that it is possible to discriminate between the two as the main cause for the observed variability (see, e.g. Bouvier & Bertout 1989) . In order to search for a unique solution for the multiband light curves, we used MACULA, a spot model code developed by us in the IDL environment (Frasca et al. 2005) . The model assumes circular dark (cool) or bright (hot) spots on the surface of a spherical limb-darkened star. The linear limb-darkening coefficients for RIJHK bands are from Claret (2000) , who calculated them for a grid of Phoenix NextGen models. Frasca et al. (2005) have shown that two circular spots are sufficient to reproduce the general shape of light curves of spotted stars without introducing too many free parameters. Table 3 . Physical parameters derived from the SED analysis and from the HR diagram. Effective temperatures constrained from spectroscopy are indicated in italics. Table 4 . Physical parameters and spectral types for the stars with Hectochelle or literature spectra. The flux contrast (F sp /F ph ) can be evaluated through the Planck spectral energy distribution, the ATLAS9 (Kurucz 1993 ) and PHOENIX NextGen (Hauschildt et al. 1999 ) atmosphere models. Frasca et al. (2005) demonstrated that both ATLAS9 and NextGen provide values of the spot temperature (T sp ) and area coverage (A rel ) that are in close agreement, while the black-body assumption for the SED leads to underestimate the spot temperature. In the present work, we have preferred the NextGen flux ratios because they can go down to a temperature of 1700 K, while the minimum temperature for ATLAS9 fluxes is 3500 K, which is close to the photospheric temperature of the coolest stars in our sample. For this purpose, we integrated the NextGen spectra, weighted with the transmission curves of the REM filters.
We applied our code only to the six stars with the highest-quality light curves in at least three photometric bands. For three of them with Hectochelle spectra, namely #9, #10, and #14, we have an estimate of the inclination of the rotation axis through Eq. 5. For the remaining stars to which we applied the spot modelling (#11, #17, and #18) we adopted a value of i = 70
• , which is a reasonable choice given the rather large amplitudes of their light curves. For each star, we started to fit the light curve in a reference band (usually I) with a 2-spot model at a fixed temperature (normally T sp /T ph = 0.80), and found the geometrical parameters of the spots (longitudes and latitudes) as well as their area by minimizing the χ 2 . Then, we fixed the spot positions and, for a few fixed values of the temperature ratio (T sp /T ph ), we let the spot dimensions to vary, searching for the value of spot area which minimizes the χ 2 of the fit for the given value of T sp /T ph . As already found by Frasca et al. (2005) , the χ 2 does not vary significantly for large intervals of T sp /T ph , so that several models in the solution grid, for a given passband, are fitting the light curve with the same accuracy. Only the use of at least two diagnostics permits to remove the degeneracy of T sp and area in the space of the parameters.
The grids of solutions for different bands allow to define the ranges of values for the spot temperature and area as those for which all the curves are well fitted within the errors.
The results of the solution grids for the RIJH light curves of star #14, for which we found i = 70
• (see Table 5 ), are displayed in Fig. 9 , where the percent spotted area (in units of star surface) versus the fractional spot temperature T sp /T ph is plotted. The figure shows the different behaviour of the RIJH solution grids, and the rather small region in the plane T sp /T ph -A rel were the intersection of the four solution grids occurs. This allows us to assert that the fractional spot temperature is T sp /T ph ≃ 0.76 ± 0.04, i.e. a spot temperature in between 3000 and 3400 K, and a spotted area in the range 7-9%. In Fig. 10 , the observed RIJH light curves and the simultaneous solution provided by MACULA are displayed together with a map of the spotted photosphere, as seen at the rotational phase of maximum spot visibility.
Similar results are obtained for star #10 (i ≃ 90 • ), for which the grids of solutions intersect each other for values of T sp /T ph ≃ 0.76 ± 0.02 (Fig. 11) . We also tried with hot spots, but the solution grids in different bands do not intersect, ruling out accretion as the cause of the observed modulation. This is a remarkable result because star #10 displays the characteristics of a cTTS, such as the very strong and broad Hα emission (Fűrész et al. 2008 ) and the mid-IR excess (Fig. 5) which testifies the presence of a conspicuous accretion disc. It seems that cool photospheric spots, indicative of strong magnetic activity, are Fig. 10 . Observed (dots) and synthetic (full lines) R, I, J, and H light curves of star #14. The mean error-bar is also displayed in the upper mid part of each box. A schematic map of the starspot distribution, as seen at the phase of maximum spot visibility, is also shown. The inclination of the rotation axis, as derived from Eq. 5, is i = 70
• .
presumably the main responsible for the observed variability. However, superimposed to the rotational modulation, additional "fluctuations" larger than typical errors are clearly visible in the RIJH light curves of star #10 (Fig. 12) . These features appear to be correlated in the different bands. This kind of variability was already observed in some young stars in Orion by, e.g., Carpenter et al. (2001) and could be ascribed to intrinsic variability due to accretion.
The last star with known inclination (i = 45
• ) analyzed with MACULA for the determination of spot parameters is #9. This star displays fairly good light curves in RIJH bands, although with rather low amplitudes, and is a very interesting case because of its very short rotation period. As seen in Fig. 13 , the intersection of the solution grids occurs for larger values of fractional spot temperature compared to the previous stars. We found Fig. 11 . Grids of solutions of RIJH light curves for star #10. Different symbols have been used for each pass-band. Fig. 12 . Observed (dots) and synthetic (full lines) R, I, J, and H light curves of star #10. The mean error-bar is also displayed in the upper mid part of each box. A schematic map of the starspot distribution, as seen at the phase of maximum spot visibility, is also shown. The inclination of the rotation axis, as derived from Eq. 5, is i = 90
• . T sp /T ph ≃ 0.93 ± 0.03, which corresponds to a temperature difference ∆T ≃ 270 ± 100 K. Spot temperatures of a few hundreds Kelvin degrees cooler than the surrounding photosphere have been found in very active and fast-rotating cool stars (see, e.g., Oláh & Kövári 1997; Berdyugina 2005) . We remark that we cannot assess if the spots are really uniform and warmer than in the other Orion stars analyzed by us or if there is a mixture of regions with different temperatures. In this case, warmer areas (analogous to the sunspot penumbrae) could be dominating. The lower temperature could be also the effect of the simultaneous presence in the same area of cool spots and bright white-light faculae. There is no way, with the present photometric data, to further investigate this point. A simultaneous light curve in the near-UV could be very helpful to detect bright faculae which should have a much higher contrast at shorter wavelengths.
In Fig. 14, the observed RIJH light curves and the simultaneous solution provided by MACULA are displayed together with a map of the spotted photosphere, as seen at the rotational phase of maximum spot visibility.
For the star #17, we assumed an inclination i = 70
• and obtained a spot temperature of T sp /T ph ≃ 0.71 ± 0.03 from the solution grids in the RIJH bands displayed in Fig. 15 . This star shows spot properties similar to #14 and #10. In Fig. 16 , the observed RIJH light curves and the simultaneous solution provided by MACULA are displayed together with a map of the spotted photosphere, as seen at the rotational phase of maximum spot visibility. We also tried simultaneous solutions of the RIJH bands for star #18. We were able to fit the individual light curves with a model with two cool spots but the grids of solutions for different bands do not show any intersection, as seen in the top panel of Fig. 17 . This is due to the strong decrease of the amplitude of the light curves that goes from 0.
m 225 to 0. m 110 from R to I and becomes as low as 0. m 055 in J and H bands. There is no value of T sp /T ph that allows such a rapid amplitude decrease. As shown by Bouvier & Bertout (1989) for DF Tau, a steep decrease of the modulation amplitude with the increasing wavelength can be reproduced only with hot spots. Thus, we tried to model the light curves with hot spots and found intersection of all the solution grids for a value of T sp /T ph = 1.10 ± 0.02 corresponding to spots 360±70 K hotter than the surrounding photosphere. This does not imply that cool spots are not present on the photosphere of this star, but the main responsible for the observed variations are hot spots.
We cannot state whether these features are tied to accretion because we have neither Hectochelle spectra nor mid-IR photometry, but the relatively long rotation period (P rot ≃ 12.5 days) and the position on the HR diagram are consistent with a very young disc-locked object still in an active phase of mass accretion. The RIJH light curves and the simultaneous solution provided by MACULA are displayed together with a map of the hot spots in Fig. 18 .
The last object for which we attempted to model the rotational modulation with MACULA is star #11, the one with the largest modulation amplitude in our sample. This object is very red and too faint in the R band for obtaining a suitable light curve. Only an indication of a modulation amplitude ∆R ≃ 0. m 97 can be derived. The I, J, and H curves are instead fully usable. We initially tried with cool spots and found solutions with very large active regions, covering a large fraction of a stellar hemisphere, as expected for getting variation amplitudes of about 1 magnitude. Anyway, as seen in the top panel of Fig. 19 , there is no intersection between the grids for different bands. We also tried with hot spots without success (Fig. 19, bottom panel) . This result is not surprising if we consider that the amplitude of the light curves has a reverse trend, as a function of wavelength, compared to the rotational modulation produced by cool or hot spots for the other sources. For star #11, the modulation ampli- Fig. 18 . Observed (dots) and synthetic (full lines) R, I, J, and H light curves of star #18. The mean error-bar is also displayed in the lower mid part of each box. A schematic map of the hot-spot distribution, as seen at the phase of maximum spot visibility, is also shown. An inclination of the rotation axis i = 70
• was adopted.
tude slightly increases with the central wavelength of the band. A possible explanation for this behaviour is that the main source of variation is not the stellar photosphere but the accretion disc from which most of the NIR flux originates (see Fig. 5 ). Inhomogeneities/condensations in the disc could give rise to wavelength-independent or increasing amplitudes, depending on the ratio of stellar to disc luminosity at the wavelength of observation. Indeed, star #11 is the object with the largest IR excess in our sample.
Discussion
Having detected rotation periods for 29 stars in a field flanking the ONC and derived spot parameters for a few of them, we now shortly discuss our results accounting for the evolutionary status of the investigated sources and the evidences of active accretion and circumstellar discs for some of them. Moreover, the characteristics of the strong flare Fig. 19 . Top) Grids of cool-spot solutions of RIJH light curves for star #11. Different symbols have been used for each pass-band. Bottom) Grids of hot-spot solutions.
of star #19 (2MASS J05352973-0548450) are discussed in some details. As shown in Table 3 , forty-three stars are likely members (either photometric and/or kinematic) of the Orion cloud, and their positions in the HR diagram appear consistent with those of PMS stars. Furthermore, our analysis of the SEDs reveals that five of these stars (namely, #10, #11, #59, #61, and #93) have significant IR excesses, signature of circumstellar discs. Star #10 was reported by Sicilia-Aguilar et al. (2005) as a possible cTTS. This classification would be consistent with the IR excess of the object. Stars #59 and #61 exhibit, beside to the NIR excess, erratic photometric variations, quite common in T Tauri stars.
Rotation period distribution
The distribution of rotation periods is shown in Fig. 20 . From the upper panel, we note that the majority of the objects with detected period are classified as Orion members. The latter are dominated by stars younger than 10 Myr, Fig. 20 . The two panels show the distributions of rotation periods for stars in the REM field (thick line), and for the subsample classified as Orion members (hatched area). The upper panel highlights the stars younger than 10 Myr (light-grey/cyan shaded area) and the objects with NIR excess (dark-grey/red shaded area). The lower panel highlights the members with masses respectively less than (dark-grey/red) and higher than (light-grey/cyan) 1 M ⊙ .
among which five objects with significant NIR excess are found. Notably, none of these stars with NIR excess has a rotation period shorter than 5 days, in agreement with the hypothesis that the angular momentum of the stars is moderated by interaction with the disc. The lower panel shows instead the two subsamples with masses less than and higher than 1 M ⊙ , respectively, but we do not see any obvious dependency upon mass. The poor statistics prevent us to unambiguously distinguish the bimodal distribution with peaks near 2 and 8 days clearly displayed by ONC members (Herbst et al. 2002) .
Spot properties
In most cases, the amplitudes of the modulation detected in different photometric bands decrease at longer wavelengths, with a wavelength dependency that is consistent with the presence of cool photospheric spots, except for star #18, whose behaviour can only be reproduced with hot spots. Two stars (namely, #11, and #91) show instead either increasing or almost invariant amplitudes at longer wavelengths. Star #11, which exhibits the broadest modulation in our sample, shows light-curve amplitudes that increase from 0.85 mag in V to 1.25 mag in J and slightly decrease in H and K. This star also shows a remarkable excess emission in the mid-IR, hence the cause of variability might reside in the inner circumstellar disc (e.g., possible disc inhomogeneities/instabilities). Indeed, the observed modulation in the IJH bands could not be modelled neither with cool nor with hot starspots. Star #91, with relatively small photometric variations, has almost invariant light-curve amplitudes. In contrast, star #10, which displays the typical signatures of a cTTS, exhibits modulation amplitudes that decrease systematically from R to H and are well reproduced by cool spots with T sp /T ph ≃ 0.76.
For five stars with fairly good light curves in the RIJH bands we could find the spot parameters from the simultaneous solution of the multi-band light curves (Sect. 6). These data are summarized in Table 5 . Apart from star #18, we found cool spots. It is interesting to note that the temperature of the cool spots is nearly the same (T sp ≃ 3100 K) for all the four stars regardless of the photospheric temperature. This average value is noticeably lower than sunspot umbrae (T ≈ 3800 K). However, it is not easy to define the best parameter describing the blocking effect on energy convective transport produced by the spot magnetic fields. For a more meaningful comparison, the temperature ratio, T sp /T ph , or the temperature difference, ∆T = T ph − T sp , should be adopted. As seen in Table 5 , for the three stars with fairly long rotation periods (#10, #14, and #17) ∆T is in the range 1000-1300 K, i.e. smaller than sunspot umbrae but slightly larger than values of 400-900 K found for the giant and sub-giants components of RS CVn binaries adopting a similar approach (Frasca et al. 2005 (Frasca et al. , 2008 . Conversely, the spotted area (8-10% of the star surface) is smaller, on average, than that found by Frasca et al. (2005 Frasca et al. ( , 2008 for RS CVn stars (A rel =11-18%). Our results are in agreement with Bouvier & Bertout (1989) , which, from multi-band photometry, find cool spots in T Tau stars with temperature mostly in the range 700-1200 K and filling factors ranging from about 5% to 10%. The difference between these Orion population stars and the Sun is likely due to the clear tendency for spots to have a larger contrast with respect to the photosphere in hotter stars (Berdyugina 2005 , and references therein). However, the higher temperature contrast compared to RS CVn stars is not due to this effect because our PMS stars have T eff in the range 4100-4400 K, hence cooler than the aforementioned RS CVn components (T eff ∼ 4600-4900 K). The different internal structure of the fully convective PMS stars, compared to sub-giant stars, could be responsible for such behaviour. The much lower ∆T found for star #9 is in line with its lower effective temperature but could also be tied to its very high rotation rate. , and Lat1 are radius, longitude, and latitude of the larger spot. R2, Lon2, and Lat2 are the same for the smaller spot. The spot temperature is the same for both spots and is expressed in units of the photospheric temperature, Tsp/T ph , as well as in Kelvin degrees. The difference ∆T = T ph − Tsp is also listed. The total spot area, A rel , is expressed in percent units of the star surface. Fig. 3 ). The peak amplitude (∆ I ≃ 0.3 mag) and the duration of the flare are comparable to those observed by Scholz & Eislöffel (2005) in a rapidly rotating (P = 0.61 days), very lowmass (0.09 M ⊙ ) member of the ǫ Ori cluster. Though, we were able, thanks to the prolonged and dense temporal sampling of our I-band observations, to follow the entire event and resolve both the rise and decay phases.
The luminosity in the I band at the flare peak, L peak I , can be evaluated from the equation
where d = 414 pc is the distance to the star, I is the apparent magnitude of the star, A I = 0.58A V is the extinction in the I band, F I = 1.196 × 10 −9 erg cm −2 s −1Å−1 (Lamla 1982 ) is the Earth flux (outside the atmosphere) in the I band from a zero-magnitude star, and W ≈ 1000Å is the I band-width. We find a flare peak luminosity L peak I ≃ 1.7 · 10 32 erg s −1 . The stellar luminosity before the flare L I0 ≃ 5.3 · 10 32 erg s −1 , corresponding to a magnitude I 0 = 11. m 91, has been subtracted. The energy released during the flare in the I band, E I ≃ 2.7·10
35 erg, was computed by integrating the excess luminosity (over the pre-flare level) all along the duration of the flare. The flare results to be a very powerful one.
We estimated the coverage factor of the flaring area following the guidelines of Hawley et al. (1995) . They showed that the continuum emission from the near-UV to the R band of strong flares in dMe stars is well reproduced by a black-body spectrum with a temperature of ∼ 9000 K. This is also in agreement with the findings of Machado & Rust (1974) for the continuum emission in a solar flare that they find consistent with thermal emission from electrons at T e = 8500 ± 500 K in the upper photosphere. According to Eq. 3.1 of Hawley et al. (1995) , one can estimate the temperature of the flaring region and the area coverage at the flare peak with observations in at least two bands. From I and J light curves of the flare of V498 Ori we could derive both parameters. Given the relatively large errors of the J magnitudes (∼ 0.03 mag) compared to the flare intensification in the J band (∆J ∼ 0.09 mag), we preferred to fix the temperature to T flare = 9000 K and deduced an area coverage X of about 14%. This is much larger than the typical values of ∼ 0.01% found by Hawley et al. (1995) in dMe stars. An estimate of the total flare optical luminosity is then given by L opt = X · 4πR 2 σT 4 flare ∼ 1.6 · 10 34 erg s −1 and the optical flare energy turns out to be ∼ 6 · 10 36 erg. These values are about 3 orders of magnitude larger than those derived by Hawley et al. (1995) for an optical flare of the dMe star AD Leo.
Other parameters characterizing the flare are the rise and decay time-scales. We fitted the rise and decay phase of the flare light curve with an exponential function of the form
We found as rise and decay e-folding times the values τ r ≃ 2.5 min and τ d ≃ 24.9 min, respectively. We applied the same analysis to the flare observed on the 10th of December 2006 at 1:30 UT on star # 11 (2MASS J05352550-0545448 = NR Ori) in the I band (see Fig. 21) 7 . The peak amplitude, ∆ I ≃ 0.85 mag, was higher than in the previous event of star # 19 but the duration of the flare (≃ 110 minutes) was nearly the same. We found rise and decay e-folding times of τ r ≃ 6 min and τ d ≃ 59 min, respectively. No flux intensification was observed in the J band. The peak luminosty and the energy released in the I band are L peak I ≃ 1.4 · 10 31 erg s −1 and E I ≃ 6.4 · 10 34 erg, i.e. smaller than those derived for the flare on star # 19, notwithstanding the huge I-flux intensification. This is due to contrast reasons, being star # 11 intrinsically much fainter than star # 19. Assuming a flare temperature T flare = 9000 K, we found an area coverage factor X ≃ 3%. The total flare luminosty and the energy released at optical wavelengths, calculated as for star # 19, are L opt ∼ 9.7 · 10 32 erg s −1 and E opt ∼ 4.4 · 10 34 erg s −1 . We can finally attempt a very rough estimate of the flare frequency among the stars in the REM field that we classify as members and likely members of the young Orion population, using the time interval covered by observations (≈ 50 hours) and the number of objects and found a value of the order of 8 × 10 −4 h −1 .
Conclusions
We presented the results of an intensive photometric monitoring of a 10 ′ ×10 ′ field flanking the Orion Nebula Cluster (ONC) conducted during three consecutive months. The main results of our work can be summarized as follows:
-We detected rotation periods for 29 stars, spanning from about 0.6 to 20 days, sixteen of which are new periodic variables. Thanks to the relatively long timebaseline we measured the periods with sufficient accuracy (∆P/P < 2%) also for the slowest rotators. We remark that none of the stars with NIR excess has a rotation period shorter than 5 days, in agreement with the hypothesis that the angular momentum of the stars is moderated by interaction with the disc. -The analysis of the spectral energy distribution and, for some stars, the high-resolution spectra provided us with T eff and luminosity, and that allowed us to construct the HR diagram of these stars. We could then assign a photometric membership to the objects by a comparison with PMS evolutionary tracks and derive masses and ages. The majority of the objects with detected period are classified as Orion members and result to be younger than 10 Myr. -Our spot modelling code enabled us to derive the starspot properties for five of these star, based on the simultaneous analysis of the light curves in several optical and NIR bands. For one of these, the light curves could only be modelled with hot spots, which are likely related to magnetospheric accretion. For three stars with T eff in the range 4100-4400 K and rotation periods between 4 and 8 days we found cool spots with ∆T = T ph − T sp in the range 1000-1300 K, i.e. larger, on average, than ∆T typically found for the sub-giant and giant components of RS CVn systems. Conversely, the spotted area (8-10% of the star surface) is smaller. These differences could be due to the fully convective internal structure of PMS stars which gives rise to a different dynamo action. For the cool (T eff ≃ 3500 K) and ultra-fast (P ≃ 0.56 days) star #9, a smaller spot contrast (∆T ≃ 270 K) is found. This could be due both to the lower effective temperature and the high rotation rate. For the star with the highest modulation amplitudes (star #11), which also displays a remarkable near-and mid-IR excess, the light curves were not consistent neither with hot nor with cool spots. We suggest that the flux modulation could be produced by inhomogeneities of the circumstellar disk. -A very strong flare was detected on star #19 (V498 Ori) in the I band. The temporal evolution of the event was fully resolved and we evaluated the rise and decay e-folding times as τ r ≃ 2.5 min and τ d ≃ 24.9 min, respectively. We estimated an energy released in the I band of nearly 3 · 10 35 erg and a 20 times higher energy released in the optical continuum. Another strong flare, which released an energy of about 6 · 10 34 erg in the I band, was observed on star # 11 (NR Ori), which is cooler and less massive than star # 19 and displays the broadest modulation and a strong infrared excess. a Not detected in either of the ROSS bands. I N = 18.48 is the photographic I magnitude (λ eq ≃ 0.8µm) from the GSC2.3 (Lasker et al. 2008) . b V and I from Rebull et al. (2000) . 
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